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2013.03.0Abstract The emergence of satellite images with moderate spatial resolution and wide geographic
coverage helped in the estimation of Egypt’s entire agricultural land in 2003 and 2012. The country
which is situated entirely in the arid region exclusively relies on irrigated agriculture. The enhanced
vegetation index (EVI) was the algorithm operated to estimate the vegetated area of the country,
which was estimated at 3.3% and 3.7% in 2003 and 2012, respectively. Time series analysis of satel-
lite data revealed the vigor pattern of cultivated lands.
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Space Sciences.1. Introduction
Irrigated agriculture appeared in Egypt thousands of years ago
due to the existence of the River Nile in this arid region of
North Africa. Besides Nile water, soil and topography are
the main limiting factors for distribution of agricultural lands
in the country. The cultivated lands in Egypt are, therefore,
conﬁned to the course of the River Nile within its valley and
delta. Nevertheless, scattered minor patches of irrigated agri-
culture occur in desert regions of the country depending on
groundwater resources, such as the oases and depressions of
the Western Desert and along the coastal area of Sinai. Before
constructing the High Dam at Aswan in 1964, there was onetional Authority for Remote
g by Elsevier
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01irrigation season after the Nile ﬂooding in summer. The dam
consequently controlled the downstream discharge of water
and helped expand the agricultural land area and converted
ﬂood irrigation into the perennial system. Yet, the area of cul-
tivated lands has been controlled by the amount of water al-
lowed to Egypt to discharge from the Lake Nasser through
the High Dam (55.5 · 109 m3) after the 1959 Egyptian-Sudan
Treaty of sharing Nile water. At that time population in Egypt
was about 26 millions and the total area of cultivated lands
counted about 6 million feddan (Abu Zeid, 1993) (1 feddan
equals 1.038 acre). Today, the Egyptian population ap-
proaches more than 85 million and the water allowance to
Egypt has been the same since 1959.
This country equals one million square km and has its pop-
ulation living in less than 5% of the total area (Sultan et al.,
1999) have started many national plans to increase its culti-
vated areas during the last 50 years. The purpose of inception
of these projects was to resettle population outside the narrow
valley and to build new communities to diminish hostility of its
vast deserts. Most areas of potential reclamation included Nile
Delta margins, the Western Desert and North Sinai. Theational Authority for Remote Sensing and Space Sciences.
84 M.E. Hereherprimary source of water for these projects is the Nile water,
however groundwater and agricultural drainage have made a
signiﬁcant contribution. The Nile Delta reclamation projects
included El-Tahrir project west of the delta to reclaim 0.2 mil-
lion feddan, Maryout project near Alexandria to reclaim 0.1
feddan and Nubariah project south of Alexandria to reclaim
0.2 million feddan (Beaumont et al., 1988). To the east of the
Nile Delta, large reclamation projects were represented by
the El-Salam (peace) Canal project, which aimed to reclaim
about 0.6 million feddan in the Eastern Delta and Sinai regions
by mixing drainage water from the delta agricultural drains
with the Nile water in a 1: 1 ratio (2.0 · 109 m3 from each)
(Elarabawy et al., 2000). Further to the south, a mega reclama-
tion project; the South Valley Development Project (popularly
known as Toshka project) was implemented to convey
5.5 · 109 m3 from Lake Nasser behind the High Dam at south-
ern Egypt to cultivate 0.5 million feddan by 2017 and resettle
7 million people in the Western Desert (Lonergan and Wolf,
2001). Actually, there is no periodic census for agricultural
lands in Egypt. The last formal agricultural census was carried
out in early 1960s, however, inventory of cultivated area is car-
ried out by traditional methods of surveying. In addition, ur-
ban encroachment upon cultivated land makes it difﬁcult to
make an accurate inventory by traditional surveying. HereherFigure 1 A mosaic image of Egypt on 25th Ja(2012) reported that no less than 136 km2 of agricultural lands
have been changed to urban area between 1973 and 2006 in
Cairo area.
One of the most successful applications of remote sensing is
in the agronomic ﬁeld. The availability of at least four decades
of digital data in multiple wavebands of the spectrum (visible,
near infrared and thermal bands) and their large ground cov-
erage makes remote sensing superior to ﬁeld-based studies.
The premise in using digital data in monitoring agricultural
lands is based upon the unique interaction of vegetation bio-
mass with solar electromagnetic radiation which differs from
other land cover components, e.g. water and bare deserts.
The chlorophyll of the green leaf strongly absorbs the red radi-
ation (630–690 nm), whereas the leaf’s cellular structure
strongly reﬂects the near infrared radiation (760–900 nm)
Tucker, 1979.
Vegetation indices are quantitative surrogates of the vegeta-
tion vigor (Campbell, 1987). They are mathematical models
enhancing the vegetation signal for a given pixel. Most vegeta-
tion indices were calculated from the reﬂection in two bands of
the spectrum: the visible red and near infrared reﬂection (Aro-
noff, 2005). These indices were utilized effectively in long term
monitoring of vegetation in semi-arid environments (Weissnuary 2012 compiled from 4 MODIS tiles.
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(NDVI) is one of the most famous models used. It is computed
from the visible and the near infrared (NIR) reﬂectance as
(NIR  Red)/(NIR + Red) Rouse et al., 1974, where, NIR
and Red are the reﬂectance in the near infrared and the red
portions of the spectrum, respectively. Theoretically, NDVI
takes values from 1.0 to +1.0. Many factors, other than
green biomass, affect the NDVI of a given pixel. Atmospheric
aerosols and sun illumination angle variations lead to biased
NDVI values (Holben, 1986). Soil background, inﬂuenced by
the texture; color; wetness and organic matter, is a serious
problem inﬂuencing the NDVI of the canopy (Huete, 1985).
To overcome the abovementioned limitations, Huete et al.
(2002) developed a modiﬁed version of the NDVI called the
enhanced vegetation index (EVI), which incorporates a
compensation for the aerosol effect and soil background im-
pact upon the vegetation signal. The EVI = (1 + L) ·
(NIR  R) /(NIR + C1R  C2B + L), where NIR, R and B
are the reﬂectance in the near infrared, red and the blue bands,
respectively, C1 and C2 are aerosol resistance coefﬁcients, and
L is the vegetation canopy background factor (Huete et al.,
2002). The achievement of these two indices has promotedFigure 2 A is a false color composite of the Lake Manzala, Nile Del
lake; B is the NDVI image of Lake Manzala area with soil backgroun
image which shows the enhancement over the NDVI image as the soi
Table 1 Cultivated area of Egypt as obtained from MODIS data i
Region 2003 (feddan)
Nile Delta 5.10 · 106
Nile Valley 2.59 · 106
Western Desert North Coast 48 · 103
El-Kharga 19 · 103
El-Dakhla 62 · 103
El-Farafra 21 · 103
El-Baharia 16 · 103
Siwa 14 · 103
Toshka 6 · 103
East Owinate 14 · 103
Sinai 28 · 103
Total cultivated lands 7.91 · 106NASA to launch the Moderate Resolution Imaging Spectrora-
diometer (MODIS) in its program using these indices for mon-
itoring the earth resources. Since then, MODIS products have
been widely used quantitatively for time series analysis of veg-
etation dynamics (Beck et al., 2006). The objective of this study
is to utilize MODIS Aqua EVI instead of NDVI data for the
inventory and mapping changes of agricultural land in Egypt
during the ﬁrst decade of the third millennium.
2. Materials and methods
2.1. Satellite data
MODIS is a recent generation of satellites, which is a part of
NASA’s Earth Observing System that offers considerable po-
tential for rapid, repetitive and a near-daily global coverage
of Earth’s resources. Most recent land cover mapping studies
have operated EVI data from MODIS instead of the most tra-
ditional NDVI data because of atmospheric and canopy back-
ground corrections incorporated into EVI’s calculation
(Wardlow and Egbert, 2010). MODIS is a near-polar sun-syn-
chronous circular satellite orbiting the earth at 705 km. Imagesta showing the extent of agricultural land (green color) around the
d (light color) at the dried locations of the lake; and C is the EVI
l background is removed.
n 2003 and 2012.
% 2012 (feddan) %
62.97 5.51 · 106 61.12
32.06 2.79 · 106 30.94
0.59 119 · 103 1.32
0.23 42 · 103 0.47
0.77 108 · 103 1.20
0.26 50 · 103 0.55
0.20 25 · 103 0.27
0.18 22 · 103 0.24
0.07 18 · 103 0.20
0.18 145 · 103 1.60
0.34 95 · 103 1.05
100 8.92 · 106 100
86 M.E. Hereherprovided by this satellite cover as wide swath as 2330 km of
land giving the advantage for regional coverage. Two satellite
platforms, Terra and Aqua, which were launched in December
1999 and May 2002, respectively provide MODIS images with
different spatial, spectral and temporal characteristics.Figure 3 The extent of agricultural land in 200MODIS Aqua vegetation index product (MYD13Q1) was uti-
lized to map the agricultural area of Egypt in this study. The
country is entirely covered by four contiguous MODIS images
(Tiles: h20v5, h21v5, h20v6, and h21v6). Four tiles were ac-
quired during 2003 (the ﬁrst available MYD13Q1 data) and3 and 2012 as extracted from the EVI data.
Figure 4 Minimum, maximum and mean EVI images compiled
from 10 EVI images from 2003 and 2012.
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data acquisition was on January 25th each year. Data were ac-
cessed from the USGS (https://lpdaac.usgs.gov/) web portal.
Each image consists of twelve layers at 250-meter spatial reso-
lution, in the Sinusoidal Projection and in HDF-EOS format.
2.2. Image analysis
Each four MODIS tiles were mosaicked together to compose
one single image (Fig. 1) for each year (2003–2012). To esti-
mate the efﬁciency of NDVI and EVI for eliminating the soil
background, a test site with well-known land characteristics
was inspected. Fig. 2 shows the southern part of Manzala La-
goon at the Nile Delta as appears in the MYD13Q1 image of
2012. Fig. 2A is a false color composite highlighting the culti-
vated lands (green color) around the lagoon. The NDVI image
of this area (Fig. 2B) reveals the impact of the bare saline soil
background. As seen in the EVI image (Fig. 2C), the bright-
ness background is minimized and there is a clear contrast be-
tween vegetated (light color) and non-vegetated areas (dark
color). As there are substantial areas of salt-affected soils
encompassing major cultivated lands, particularly at the Nile
Delta fringes, the NDVI may give a biased estimation of the
gross cultivated land area due to the soil-background effect.
Consequently, it is crucial to eliminate the spectral impact of
non-cultivated land to get an accurate result at the country
scale. This can be achieved by applying the EVI algorithm in-
stead of NDVI.
The EVI layer was, thus, detached from each image to cre-
ate a single-band ﬁle for mapping the agricultural area. The
EVI layer of each image was displayed in ERDAS Imagine.
The most difﬁcult and challenging task was to identify the
threshold value of cultivated lands, i.e. pixels having the min-
imum EVI values were pertained to cultivated lands. To do
this a careful on-screen inspection for the least vegetated lands,
particularly at urban/agricultural, desert/agricultural inter-
faces as well as at newly reclaimed areas was carried out
depending on the previous knowledge and the pattern and
appearance of the pixels at the suspect areas. Once the
threshold was estimated in the 2003 and 2012 images, a binary
image was ﬁnally generated (having 1 and 0 values). All pixels
having values greater than the threshold were recorded as 1
and counted for total area estimation, other pixels were re-
corded as 0. The total agricultural land in Egypt was estimated
in 2003 and 2012. The agricultural land at each region of Egypt
(Nile Delta, Nile Valley, Western Desert and Sinai) was deter-
mined individually. The 10 EVI images (2003–2012) were
stacked together to compose one ten-layers image in order to
calculate the maximum, minimum and mean value of each pix-
el and to highlight the pattern of vegetation vigor within the
Nile Delta and Valley. A digital elevation model with 1 km
spatial resolution was acquired from the Shuttle Radar Topog-
raphy Mission (SRTM) during its journey in Feb. 2000 in or-
der to analyze the existence of agricultural land and the
possible expansion locations. Topographic analysis was car-
ried out using MrcMap Software.
3. Results and discussion
Agricultural area of Egypt on 25th January 2012 is estimated
at 37,503 km2 or 8.92 million feddan (3.7% of Egypt area),compared with 33,256 km2 or 7.91 million feddan (3.3% of
Egypt area) in 2003 (Table 1). Most increase of agricultural
land between 2003 and 2012 occurred along the western fringes
88 M.E. Hereherof the Nile Delta (about 0.5 million feddan) (Fig. 3). The other
0.51 million feddan were added to the cultivated land in the
Western Desert and Sinai. The availability of irrigation water,
ﬂuvial soil and plain topography are the main reasons behind
the existence of the majority of cultivated lands within the Nile
Valley and its Delta. In 2012, the bulk area of cultivated lands
occurred at the Nile Delta (5.51 million feddan or 61.12%),
whereas 2.79 million feddan (30.94%) occurred at the Nile
Valley, which extends from Cairo southward to Aswan. Soils
along this region are fertile, mostly dark gray clay and formed
by annual deposition of the Nile sediments during ﬂooding.
Irrigation is exclusively dependent upon the Nile River water.
Out of the 55.5 · 109 m3 of Egypt water share, 49.7 · 109 m3 is
annually consumed for irrigation (Abu Zeid, 1993). Two crop-
ping seasons are applied during summer and winter. Crops
grown during summer mainly include rice, cotton, maize, su-
gar cane and vegetables. During winter, wheat, clover, beans
and vegetables are cultivated. Urban encroachment upon pro-
ductive agricultural land constitutes a national concern.
Although, there is a law to prohibit building upon productive
agricultural land, there were not much deterrent actions
against most cases of infringement upon productive agricul-
tural lands. Estimates report an annual loss of 20,000–
100,000 acres of agricultural land due to urbanization (World
Bank, 1990).
Due to the harsh environment and arid climate, most of
population communities of the Western Desert live in the oases
and depressions, such as Siwa, El-Baharia, El-Farafra,
El-Dakhla and El-Kharga, where groundwater table is
shallow. Cultivation is mainly restricted to drought resistant
plants, such as dates. However, other plants, such as olives,Figure 5 Digital elevation model (1-km spatial resolution) ofvegetables are also grown. Soil salinization is the most
prominent soil problems due to water evaporation by hot
temperatures. The largest cultivated oasis in 2012 is El-Dakhla
(108 thousand feddan) and the smallest is in Toshka (18 thou-
sand feddan) (Table 1). Another signiﬁcant cultivated area oc-
curs along the North Coast west of Alexandria (119 thousand
feddan). This area is mainly under rainfed cultivation due to
the relatively high precipitation (about 250 mm/year). Soils
along this strip are mainly calcareous. Most cultivated crops
are ﬁgs and olives. Although the Southern Valley Development
Project is a new ambitious agricultural project, it was under the
scope of interest after the construction of the High Dam in
1964, due to the relatively ﬂat topography and suitability of
soil (Elarabawy and Tosswell, 1998). However, the project
faced many technical and ﬁnancial problems. There also was
a long debate within the scientiﬁc community on the costs
and beneﬁts of such irrigated agriculture mega project in a very
dry and hot desert. To date, satellite data indicate that only 18
thousand feddan has been cultivated. This very small culti-
vated area does not correlate with the constructed infrastruc-
tures to convey Nile water and to resettle people as well as
the propaganda associated with this project, which eventually
arose many questions about the economic feasibility of such
project. Further to the west of Toshka, there is another new
agricultural project, East of Owinate depending totally upon
groundwater reserves. The total cultivated area of this project
is estimated at 145 thousand feddan in 2012. The scientiﬁc mis-
sions that visited this area in 1980s suggested high soil poten-
tial at the region.
The total agricultural lands of Sinai in 2012 are estimated at
95 thousand feddan (1.05%) and occur particularly along theEgypt showing major ﬂats and depressions in the country.
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and along El-Salam Canal at the northwest corner. The source
of irrigation is the groundwater for the former and the Nile
water mixed with agricultural drainage water for the latter.
Climatically, the northeast coast of Sinai receives annual pre-
cipitation of up to 200–300 mm which, for a long time, allows
local people to extract groundwater by shallow wells. Soils are
mainly sandy and crops cultivated are olives, dates, cantaloupe
and vegetables. On the other hand, the northwestern section of
Sinai has recently been under reclamation activities after the
erection of El-Salam Canal in the 1990s to convey Nile water
into Sinai. Although it was planned to reclaim 200,000 feddan
east of the Suez Canal, ﬁnancial and administrative problems
have retarded achieving this goal. Due to the saline nature of
soil at this region, cultivation of rice is dominant in order to
help leach salts from the soil proﬁle.
The minimum, maximum and mean trend of the EVI values
calculated from the 10 images between 2003 and 2012 are
shown in Fig. 4. The minimum image reveals: (1) the status
of agricultural lands occurring in 2003, because non-cultivated
lands before reclamation experience minimum EVI value and/
or (2) lowest vegetation vigor or early stages of plantation. On
the other hand, the maximum EVI image shows: (1) the status
of agricultural land in 2012, as the new reclaimed lands exhibit
a high EVI value compared with bare soil and/or (2) the most
vigorous and densely vegetated plants during the time of image
acquisition. Comparing those two images could help get a
sense of the locations of newly reclaimed area by a synoptic
view. The mean EVI image highlights the average EVI value
for each pixel between 2003 and 2012. From this mean EVI im-
age, it is obvious that the newly reclaimed region, such as those
around the Nile Delta shows lowest values compared with old
cultivated lands, such as those occurring within the Nile Delta
which have high vigor and high EVI values. The high vigor re-
ﬂects also the soil quality, which is the best within the Nile Val-
ley and its delta, where fertile, black, and heavy clay soils
occur.
The topography of Egypt as shown in Fig. 5 reveals that
agricultural expansion, after securing irrigation water, could
be oriented mainly toward the Western Desert, which has sev-
eral depressions such as Qattara depression along the northern
third of this desert. Sources of water may be obtained from
groundwater, freshwater from the Nile through pipelines or
desalination of seawater. Other depressions are scattered
throughout the desert, but water quantity and quality are the
major challenges. As early as 1950s, there were many attempts
to convey Nile water from Lake Nasser to reclaim the Western
Desert. At that early time this desert was named as the New
Valley governorate as a promising region for development.
Political conditions hindered these expansions. During 1990s,
the project was initiated again, but ﬁnancial problems are still
the main constraints to this project.
4. Conclusions
The present study provides a synoptic, wide geographic cover-
age, and a timely controlled acquisition means for mapping the
cultivated area of Egypt. There should be an automated ap-proach to monitor and sustain inventory process based upon
real-time measurements. Hot spots should be highlighted for
locations under severe anthropogenic impact by encroach-
ment. Others are to be encouraged for reclamation by stake-
holders and decision makers.
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